Data are available on OSF using the following link: <https://osf.io/zg2ku/?view_only=23e138c4c9f94bc9848181e0d680fb0b>.

Introduction {#sec006}
============

Laparoscopic surgery has become the gold standard for many surgical procedures and new technical developments are pushing the boundaries of the possible, extending the scope of this field to more complex surgical procedures \[[@pone.0232341.ref001], [@pone.0232341.ref002]\]. However, compared to open surgery, laparoscopic surgery does take surgeons in training significantly longer to master, and can make already challenging operations even more difficult for novices \[[@pone.0232341.ref003], [@pone.0232341.ref004]\]. Known factors contributing to the difficulty of laparoscopic surgery are unfamiliar hand movements, the reduction from real-life three-dimensional (3D) stereoscopic vision to a virtual two-dimensional (2D) image, and the transfer from a familiar field of vision to the distorted picture of the laparoscopic camera. Another domain that also trains these particular skills is video games; however, the impact of video gaming skills on laparoscopic skills is still open to debate. Although it is has been shown that gaming experience has a positive effect on eye-hand coordination and also modulates different aspects of visuospatial ability, spatial resolution and cognitive flexibility, the real effect of gaming skills on laparoscopic performance is still unknown \[[@pone.0232341.ref005]--[@pone.0232341.ref010]\]. While some authors reject a correlation, others describe a positive association \[[@pone.0232341.ref011]--[@pone.0232341.ref013]\]. However, the majority of these studies are observational and hence information about real causation remains unclear \[[@pone.0232341.ref014]\]. Most studies equate "gaming experience" with "gaming skills", which is inaccurate as there is no validated, standardized definition of "gaming experience" \[[@pone.0232341.ref015]\]. The underlying questionnaires are not standardized, nor are the definitions of "game experience", ranging from self-evaluation (non-gamer / novice / expert) to amount of time spent gaming \[[@pone.0232341.ref011], [@pone.0232341.ref016]--[@pone.0232341.ref018]\]. Previous studies have small sample sizes and report heterogeneous results because there is no standardized system for scoring laparoscopy results \[[@pone.0232341.ref019], [@pone.0232341.ref020]\]. Furthermore, demographic changes have led to a new population of students (Generation Y) and future residents who have had more gaming experience when growing up and were surrounded by computers and smartphones \[[@pone.0232341.ref021]\]. It has been shown that this generation is more proficient when it comes to gaming than previous generations \[[@pone.0232341.ref022], [@pone.0232341.ref023]\].

There is currently no study available that assesses the gaming skills of the current generation of students with a validated test method and correlates these results with laparoscopic performance. This study can therefore address the question whether gaming skills are a predictor for a steeper learning curve in laparoscopic surgery.

The goal of this study was therefore twofold:

Firstly, to create a valid measure of gaming skills, we developed two custom-designed video games (one 2D and one 3D game) that were validated in a group of professional and casual gamers.

Secondly, to investigate whether gaming skills are associated with laparoscopic skills in medical students, medical students first performed three laparoscopic tasks and then played the two validated video games.

Material and methods {#sec007}
====================

Ethics {#sec008}
------

Ethics Committee approval was obtained before the study (Ethics Committee, University of Cologne) and the current study adheres to the criteria of our local ethics committee (No. 18--176). Written informed consent was given by all subjects before study inclusion.

Definition of the requirements for custom video games {#sec009}
-----------------------------------------------------

To test the participants' gaming skills, two custom video games (one 2D game and one 3D game) were developed for this study. Features of the games should be based on established gaming concepts (i.e., "jump and run", "side scroller") that experienced players (EP) are familiar with whereas the games themselves should be totally new to all participants \[[@pone.0232341.ref024]\]. Unity3D was chosen as the development environment for the games. One requirement was that the games should be enjoyable and easy to learn in order to motivate students, which was achieved by using established techniques of modern game design \[[@pone.0232341.ref025]\]. Furthermore, the games should be "hard to master" in order to further distinguish between experienced players (EP) and non-experienced players (NEP). This was achieved by including a hidden goal ("collecting power-ups") in the game that was less apparent than the obvious goal ("surviving as long as possible"). In addition, we created a stressful gaming environment by constantly increasing the games' speed and by including fast and stressful music \[[@pone.0232341.ref026]\].

In order to measure different aspects of gaming skills, two games were developed: one 2D game and one 3D game. The 2D game tests eye-hand coordination and was designed as a classic "side-scroller" game, in which the player navigates a "spaceship" through a two-dimensional virtual environment that scrolls from the right- to the left-hand side of the screen at a fixed speed (see [Fig 1](#pone.0232341.g001){ref-type="fig"}). The player controls the spaceship with the mouse similar to moving the cursor on a computer. The main goal of the game is to avoid a collision with any object for as long as possible ("to survive"), which tests spatial resolution \[[@pone.0232341.ref009]\]. When the spaceship collides with other objects (i.e., rocks, other spaceships, or bullets), the game is over. The spaceship shoots automatically and bullets can destroy other objects in front of the player to gain points. In addition, several power-ups add improvements to the ship (i.e., faster shooting) and can be collected by flying over them. This "hidden goal" was not communicated before the experiment and measures "game understanding" as part of cognitive flexibility \[[@pone.0232341.ref010]\].

![**"Side-scroller" game where the player navigates a spaceship (1) that shoots (2).** The main goal is to avoid a collision with objects (3) and other spaceships (4), which also shoot bullets. Special objects (5) can be collected to gain more power. Destroyed objects earn points (6).](pone.0232341.g001){#pone.0232341.g001}

To test visuospatial ability, we created a 3D game with simple controls (only left and right arrows). Again, the player controls a "spaceship" but this time in three-dimensional space. The ship automatically flies either on the inside or outside of a tube, always sticking to the wall of the tube. The only task is to avoid collision with obstacles and to survive as long as possible. Participants can rotate the tube to the left or right in order to avoid collision. Difficulty increases from level to level as the speed of the spaceship increases and obstacles start to move (see [Fig 2](#pone.0232341.g002){ref-type="fig"}).

![Concept of the 3D game: The player controls a space ship from a first-person perspective flying through the inside of a tube or on the outside of a tube.](pone.0232341.g002){#pone.0232341.g002}

Player performance was measured using the following parameters: In both the 2D and the 3D game time "survived" was used as a general measure of gaming experience. Additionally, in the 2D game, analytical thinking was determined by counting the absolute number of collected power-ups because this feature of the game was considered only to be obvious to experienced players. It was hypothesized that experienced players would survive longer in both games (2D and 3D game) and collect more points in the 3D game.

The games were validated in a separate sample consisting of professional gamers (ProG: 29 males, 6 females; Mean~Age~ = 22.23, SD~Age~ = 2.78) and casual gamers (CasG: 27 males, 8 females; Mean~Age~ = 25.14, SD~Age~ = 4.87). Both groups played five rounds of each game. Players in the professional gamer group were members of one of Europe's "Electronic Sports Leagues" (ESL) and had participated in at least 10 E-Sports Tournaments. All these players were "full time" gamers who had trained with the game "Counter Strike" for at least 60 to 90 hours per week for several years. Counter strike is known as a useful training tool to increase fine motor skills and movement coordination \[[@pone.0232341.ref027]\]. The group of casual gamers was comprised of players that did not play professionally and did not exceed more than two hours of gaming peer week.

Validation of custom games as test tools {#sec010}
----------------------------------------

Construct validity for the games was tested by comparing professional and casual gamers. In the 2D game, professional gamers survived significantly longer (M = 38 seconds, SD = 12 seconds) than casual gamers (M = 21 seconds, SD = 10 seconds), *p* \< .005. Professional gamers also collected significantly more power-ups (M = 9.0, SD = 1.2) than casual gamers (M = 4.0, SD = 0.8), *p* \< .005, indicating a higher level of game understanding. In the 3D game, professional gamers also survived significantly longer (M = 7225, SD = 1268) than casual gamers (M = 4200, SD = 1668), *p* \< .005, indicating better visuospatial ability.

As the results of the validation study show, players with high gaming skills (professional gamers) did perform significantly better in both games than people with low gaming skills (casual gamers). It is therefore safe to conclude that performance in the two games does correlate with actual gaming skills. Thus, the two games can be used, firstly, as a valid measuring tool to assess gaming skills in a sample of medical students and, secondly, to assess whether gaming skills are correlated with laparoscopic performance.

Laparoscopy {#sec011}
-----------

Laparoscopic skills were measured using a laparoscopic training simulator (eoSim, eoSurgical Ltd, Edinburgh, UK). Laparoscopic procedures were recorded via an integrated video camera system that was connected to a standard tablet computer.

The following laparoscopic tasks were used to measure laparoscopic skills: rope pass, paper cut, and pegboard transfer. These laparoscopic tasks were selected because they have been used as valid measurement tools in several prior studies \[[@pone.0232341.ref028], [@pone.0232341.ref029]\]. The three tasks are depicted in [Fig 3](#pone.0232341.g003){ref-type="fig"}.

![Rope pass (A), paper cut (B), pegboard transfer (C).](pone.0232341.g003){#pone.0232341.g003}

In the rope pass task, students' task was to pass a 30 cm long silicone tube from one instrument to the other, while only touching the tube at certain marked areas (size of each area was 3mm; the space between each area was 3 cm). Touching the silicone tube at a non-marked area was counted as an error.

In the paper cut task, students were presented with an 8 cm long paper ruler with markings every millimeter and every centimeter. Students' task was to cut along the markings without fully cutting the paper ruler in half. Cutting through the paper or cutting in a non-marked area was counted as an error.

In the pegboard transfer task, students were presented with a pegboard with 11 metal rods and six triangles. Students' task was to transfer the triangles between the metal rods. Incorrect placement of the triangles was counted as an error.

Students watched an instructional video explaining the three laparoscopic tasks. After that, students received a handout describing all three tasks in more detail. Students had to complete each laparoscopic task three times. All laparoscopic tasks were recorded on video. For each task, time to complete and number of errors was measured based on the videos. The beginning of each trial was defined as the moment when the students first touched the materials of the task at hand (rope, paper, or triangle) with the laparoscopic instruments. The end of each trial was defined as the moment when students had completed the task and had released the laparoscopic instruments onto the floor of the laparoscopic training box.

Questionnaires {#sec012}
--------------

After participants had completed the laparoscopic tasks and the two video games, they completed the NASA task load index (NASA-TLX; <https://humansystems.arc.nasa.gov/groups/TLX/>). Additionally, students were asked whether they own a gaming console, for how many years they had been playing video games, and how many hours of video games they used to play per day.

Procedure {#sec013}
---------

Two students participated in each testing session. At the beginning of the experiment, students were greeted by the experimenter and sat down in front of a computer. Students then watched an instructional video describing the three laparoscopic tasks. After that, they received a handout describing the tasks. Then each student was assigned their own laparoscopic box and started with the first trial of the first task. Students always completed the three laparoscopic tasks in the following order: rope pass, paper cut, and pegboard transfer. Each laparoscopic task was performed three times by each student. All laparoscopic tasks were recorded on video. After students had completed the laparoscopic tasks, they sat down in front of a computer to play the two computer games. Students first played five rounds of the 2D game and then played one round of the 3D game. All gaming sessions were also recorded on video for further analysis. After students had finished playing the video games, they completed several questions about their prior gaming experience and the NASA task load index (NASA-TLX).

Group distribution {#sec014}
------------------

One hundred and thirty-five medical students (55 males, 80 females; mean age = 23.66, age range: 20--33) were recruited at the University Hospital of Cologne through mailing lists, flyers, and social networks. The study was conducted between December 2018 and February 2019. The inclusion criteria were the following: Students had to be enrolled as medical students at the University of Cologne. For detailed demographic information see [Table 1](#pone.0232341.t001){ref-type="table"}.

10.1371/journal.pone.0232341.t001

###### Demographic data.

![](pone.0232341.t001){#pone.0232341.t001g}

                                Male           Female
  ----------------------------- -------------- --------------
  **n**                         55             80
  **Age (Mean, SD)**            24.42 (2.78)   23.14 (3.17)
  **Handedness (left:right)**   4:51           7:73
  **Glasses (yes:no)**          21:34          47:33
  **Semester**                                 
      **1. Preclinical**        2              11
      **2. Preclinical**        2              2
      **3. Preclinical**        3              5
      **4. Preclinical**        2              4
      **1. Clinical**           4              9
      **2. Clinical**           12             16
      **3. Clinical**           1              6
      **4. Clinical**           10             14
      **5. Clinical**           2              3
      **PJ**                    17             10

Statistical analysis {#sec015}
--------------------

For each of the three laparoscopic tasks time to complete and number of errors were recorded. In line with Rosser et al., for each error 5 seconds were added to the time to complete the task \[[@pone.0232341.ref030]\]. This combined measurement was used in all statistical analyses. A statistical power analysis was performed for sample size estimation. Because the implementation of new tools into the medical curriculum can be expensive and time consuming, potential new methods should have a sufficiently large benefit. However, promising new tools should also not be overlooked. Therefore, as a compromise, our study should be sufficiently powered to detect medium sized-effects for the within-group comparisons. With an alpha = .05 and power = .80, the projected sample size needed to detect a medium effect for the within-group comparisons was N = 90 (GPower 3.1). With regard to correlations, a minimum sample size of N = 84 was needed to detect a medium-sized effect (GPower 3.1). Data were analyzed using the Statistical Package for the Social Sciences (SPSS, Version 25; IBM, 2017). Group comparisons were conducted using t tests and mixed ANOVAs. Kendall's τ was used as a robust measure of correlation.

Results {#sec016}
=======

Laparoscopic performance {#sec017}
------------------------

### Learning effect {#sec018}

To test whether laparoscopic performance improved over the three trials and whether the laparoscopic tasks differed in difficulty, we conducted a 3 × 3 mixed ANOVA (Trial × Task). There was a significant main effect for trial, *F*(2, 56) = 56.74, *p* \< .001, η^2^~p~ = .670, indicating that students' laparoscopic performance improved from the first to the third trial. There was also a significant main effect for task, *F*(2, 56) = 24.90, *p* \< .001, η^2^~p~ = .471, indicating that the tasks differed in difficulty. There was also a significant interaction effect, *F*(4, 112) = 8.33.90, *p* \< .001, η^2^~p~ = .229, indicating that the differences in difficulty of the tasks varied over the three trials (see [Fig 4](#pone.0232341.g004){ref-type="fig"}).

![Time to complete each laparoscopic task.\
Error bars represent 95%-CI of the mean.](pone.0232341.g004){#pone.0232341.g004}

### Gender differences in laparoscopic performance {#sec019}

To test whether male and female participants differed in laparoscopic performance, we conducted a 2 × 3 mixed ANOVA (Gender × Task). There was a significant main effect for task, *F*(2, 208) = 74.10, *p* \< .001, η^2^~p~ = .416, mirroring the results from the first analysis that the three laparoscopic tasks differed in difficulty. However, there were no significant main or interaction effects for gender, all *F* \< 1.43, indicating that male and female participants did not differ in laparoscopic performance.

### Correlations between laparoscopic tasks {#sec020}

All laparoscopic tasks were significantly correlated. There was a significant correlation between the tasks rope pass and paper cut, Kendall's τ(118) = .172, *P* = .006. There was also a significant correlation between the tasks rope pass and peg transfer, Kendall's τ(116) = .177, *P* = .005. The tasks paper cut and peg transfer were also significantly correlated, Kendall's τ(116) = .141, *P* = .033. This suggests that students who performed better on one laparoscopic task also performed better on the other laparoscopic tasks.

### Correlations between measurements of gaming skills {#sec021}

To test whether there were significant relationships between the different measurements of gaming skills and the results from the two games, we correlated the questions about prior gaming experience and the results from the two games (2D and 3D Game). There was a significant correlation between the results of the 3D game and past gaming experience (hours of gaming per day), Kendall's τ(117) = .289, *P* \< .001. Time in the 2D game, Kendall's τ(118) = .229, *P* = .001, and points in the 2D game, Kendall's τ(118) = .320, *P* \< .001, were also both significantly correlated with past gaming experience (hours of gaming per day). Additionally, ownership of a gaming console was also significantly correlated with results of the 3D game, Kendall's τ(117) = .158, *P* = .038, time in the 2D game, Kendall's τ(118) = .173, *P* = .023, and points in the 2D game, Kendall's τ(118) = .182, *P* = .017. However, there were no significant correlations between years of gaming experience and any of the gaming results. Overall, this suggests that there was a positive correlation between self-reported prior gaming experience and gaming skills in the two games.

### Correlations between laparoscopic performance and gaming {#sec022}

To test whether there were significant relationships between laparoscopic performance and gaming, we correlated the average time to complete each laparoscopic task and the results from the two games (2D and 3D game). For results see [Table 2](#pone.0232341.t002){ref-type="table"}. Students who achieved more points in the 3D game also performed the Rope Pass Task more quickly. In addition, students who achieved more points in the 2D Game also performed the paper cut task more quickly. Lastly, overall laparoscopic performance was significantly correlated with performance in the 3D game and points in the 2D game.

10.1371/journal.pone.0232341.t002

###### Correlations between (Kendall's τ) laparoscopic performance and gaming *p* \< .05 \* *p* \< .01.

![](pone.0232341.t002){#pone.0232341.t002g}

                                         3D            2D      2D
  -------------------------------------- ------------- ------- ---------------
  **1. Trial Rope Pass**                 **-.131\***   -.054   -.024
  **2. Trial Rope Pass**                 -.071         .033    -.001
  **3. Trial Rope Pass**                 **-.147\***   .025    -.060
  **Rope Pass Overall**                  **-.151\***   -.005   -.064
  **1. Trial Paper Cut**                 -.035         -.101   **-.185\***
  **2. Trial Paper Cut**                 -.100         .041    -.086
  **3. Trial Paper Cut**                 -.091         -.065   -.098
  **Paper Cut Overall**                  -.074         -.095   **-.180\*\***
  **1. Trial Peg Transfer**              -.025         .063    -.023
  **2. Trial Peg Transfer**              -.080         .035    -.083
  **3. Trial Peg Transfer**              -.059         .056    -.039
  **Peg Transfer Overall**               -.087         .039    -.086
  **Overall Laparoscopic Performance**   **-.134\***   -.062   **-.163\***

### Learning curve {#sec023}

To test whether the overall relationship between average time to complete each laparoscopic task and the results of the games held true for each of the individual three trials per task, we also correlated the relationship between each individual trial and the results of the two games (2D and 3D game). For results see [Table 2](#pone.0232341.t002){ref-type="table"}. Students who achieved more points in the 3D game also performed the Rope Pass Task more quickly in the 1^st^ and 3^rd^ trial. In addition, students who achieved more points in the 2D game also performed the paper cut task more quickly in the 1^st^ trial.

### Correlations between laparoscopic performance and measurements of gaming experience {#sec024}

More years of gaming experience were associated with a significantly better performance in the paper cut task, Kendall's τ(107) = -.146, *P* = .031. Ownership of a gaming console was also associated with better overall laparoscopic performance, Kendall's τ(128) = -.160, *P* = .028.

### Gender differences in gaming {#sec025}

To test whether male and female students differed in gaming performance, we conducted three different *t* tests. Male students (M = 4851, SD = 2377) achieved significantly more points in the 3D game than female students (M = 3729, SD = 2303), *t*(115) = 2.54, *p* = .012, *d* = 0.48. Male students (M = 23.9, SD = 11.1) also lasted significantly longer in the 2D game than female students (M = 19.3, SD = 7.9), *t*(76) = 2.45, *p* = .017, *d* = 0.48. Male students (M = 11.1, SD = 12.0) also achieved significantly more points in the 2D game than female students (M = 6.4, SD = 5.4), *t*(58) = 2.48, *p* = .016, *d* = 0.54.

### Effects of video games on laparoscopic performance {#sec026}

In this study, participants first completed the laparoscopic tasks and then played the two video games. However, 21 participants first played the two video games and then performed the laparoscopic tasks. To test whether this reversed order had any effect on laparoscopic performance, we performed three separate ANOVAs comparing participants who had first completed the laparoscopic tasks with participants who had first played the video games. There was no significant difference in performance on the laparoscopic tasks between both groups, all *F* \< 1.06.

### Other effects on performance {#sec027}

Wearing glasses had no significant effect on gaming or laparoscopic performance, all *t* \< 1.29. Students were categorized into three different groups (preclinical, clinical, and practical year) according to their level of clinical training. There was no significant effect of level of clinical training on gaming performance, all *F* \< 1.88. Students of different levels of clinical training did not differ significantly on the rope pass and on the paper cut task, all *F* \< 1.93. There was, however, a significant main effect for clinical training on the peg transfer task, *F*(2, 114) = 3.31, *p* = .04, η^2^~p~ = .055. Pairwise comparisons revealed that students in their practical year (M = 208, SD = 40) completed the task significantly faster than students in the clinical part of their studies (M = 228, SD = 35), *t*(89) = 2.31, *p* = .023, *d* = 0.53. There was, however, no significant difference between students in the practical year and students in the preclinical part of their studies, *t* \< .587.

### Correlations between NASA task load scale and laparoscopic performance {#sec028}

Students who rated their performance to be better on the NASA task load scale also performed significantly faster in the rope pass task, Kendall's τ(127) = -.222, *P* = .001, and the peg transfer task, Kendall's τ(117) = -.168, *P* = .012.

Discussion {#sec029}
==========

The goal of this study was to investigate whether gaming skills are associated with laparoscopic performance in medical students. As the results show, students who performed the rope pass task more quickly also achieved more points in the 3D game. In addition, students who performed the paper cut task more quickly also achieved more points in the 2D game. Lastly, overall laparoscopic performance was significantly correlated with performance in the 3D game and points in the 2D game.

It is interesting to note that most indirect measures of gaming skills (questionnaire data) were not correlated with laparoscopic performance---even though direct (2D and 3D game) and indirect (questionnaire data) measures were also correlated. This underscores the importance of using actual video games to measure gaming skills instead of just using questionnaires. General questions about gaming habits may be too broad and are possibly not able to capture the practical aspects of gaming experience that are relevant to laparoscopic performance. However, two indirect measures of gaming skills (ownership of a gaming console and years of gaming) were also correlated with laparoscopic performance. Whether these correlations reflect actual associations or just random correlations has to be established in future studies.

Not considering the main focus of the study, it is encouraging to see that all participants---regardless of prior gaming skills---were able to improve their performance over the three trials per task, underlining the fact that laparoscopic performance is a skill that improves with practice. This result is in line with prior research that shows that undergraduate students can significantly improve their laparoscopic surgery skills over a training period of 10 hours \[[@pone.0232341.ref031]\]. With regard to the Rope Pass Task, we also found a significant correlation between the results of the 3D game and laparoscopic performance in the 3^rd^ trial, indicating that even when performing the task for the third time students who achieved more points in the 3D game performed the task more quickly than students who achieved less points in the 3D game. Whether this advantage of gaming skills would still be relevant after a longer training period needs to be investigated in future studies.

Additionally, all three laparoscopic tasks were significantly correlated, suggesting that students who performed better on one laparoscopic task also performed better on the other laparoscopic tasks.

We also did find a positive correlation between the self-assessment part of the NASA task load scale and laparoscopic performance, indicating that students were able to assess their own performance on the laparoscopic tasks. This has important implications for the training of students because a feeling of competence has been shown to have a positive effect on learning.

Interestingly, we did also find a significant difference between male and female students in gaming performance. Male students performed better on both the 2D and the 3D game than female students. However, even though some male students seem to have more gaming skills than female students, this advantage did not translate into better overall laparoscopic performance of male students. This may be due to the fact that successful laparoscopic performance may rely on several other skills independent of gaming skills so that gaming skills do not guarantee successful laparoscopic performance. As a whole, our study was not designed to investigate gender differences in the relationship between gaming skills and laparoscopic performance and thus did not include an equal number of male and female students (55 males, 80 females). This is one limitation and future studies should further investigate specific gender effects in a larger sample of both male and female students.

Another factor influencing laparoscopic performance may be the amount of clinical training the medical students had received. Overall, we did not find that students in the later stages of their studies outperformed younger students on the laparoscopic tasks. However, considering the surgical curriculum at German universities, this result is not surprising because laparoscopic training is generally not a part of the medical curriculum.

It is important to note that the relationship between gaming and laparoscopic performance in our study was small. Based on our results, recruiting future surgical residents based solely on their gaming skills may not be warranted. However, as the small correlation shows, gaming skills should not be considered to be a negative factor. Additionally, using video games to train laparoscopic skills may not be the most efficient method because the transfer of skills from one task to the other may be small. As the increase in performance from the first to the third trial on all laparoscopic tasks in our study shows, the largest gains in laparoscopic skills are expected to be made through extended practice with the laparoscopic simulator. Thus, the most efficient way to prepare young surgery residents for the operating room is through practice with laparoscopic simulators.

To our knowledge, this is the first study that tests gaming skills with custom-designed games. This procedure checks for the confounding factor that experienced players may be familiar with the games used for testing \[[@pone.0232341.ref032]\]. The main goal of the two custom games used in the present study was to create two valid tools to measure gaming skill. The two games had to fulfill the following criteria: The games should be "hard to master" in order to distinguish between experienced players (EP) and non-experienced players (NEP). The games should increase in difficulty. This was achieved by creating a stressful gaming environment by constantly increasing the games' speed and by including fast music. The main purpose of the games was to measure gaming skill. As the validation with the professional gamers shows, we succeeded in creating two games that distinguish between experienced and non-experienced players. Thus, our games showed a positive validity for distinguishing between pro and casual gamers and hence were a suitable tool for measuring gaming skills.

Although the impact of playing video games on simulator performance has been reported by several authors, the causal factors that lead to an increase in performance are still unclear \[[@pone.0232341.ref033], [@pone.0232341.ref034]\]. Current experimental studies focus on training non-experience players (NEPs) over a period of time, while monitoring changes in laparoscopic performance and different cognitive domains \[[@pone.0232341.ref014], [@pone.0232341.ref035]\]. However, it is known that repetition of a particular activity has a positive effect on performance of that activity and moreover a transfer of psychomotor skills from one activity to another activity is possible (Mozart Effect) \[[@pone.0232341.ref036]\]. More than that, the practical application of designing a game is questionable. Nowadays, virtual reality laparoscopic simulators are broadly available and also show a positive training effect on laparoscopic performance \[[@pone.0232341.ref037], [@pone.0232341.ref038]\]. Hence, unless training with specific games shows a superior effect on skills, the effort of designing and validating a specific game may be questionable.

Furthermore, future studies could also investigate the laparoscopic performance of professional gamers, such as E-Sports players. However, this was beyond the scope of this investigation. Because the E-Sports players were recruited at a special event, it was not possible for us to extend the present study with a group of E-sports players performing the laparoscopic tasks.

Finally, this study uses a simulator to assess laparoscopic skills; therefore, the reported relationship between laparoscopic performance and video game playing may only apply to simulated performance.

This study provides further evidence that gaming skills may be an advantage when learning laparoscopic surgery.
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We look forward to receiving your revised manuscript.

Kind regards,

Chee Kong Chui, PhD

Academic Editor

PLOS ONE

Journal Requirements:

When submitting your revision, we need you to address these additional requirements.

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at <http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

2.  Please include additional information regarding the questionnaires used in the study: a) for the questionnaire developed as part of this study, if it is not under a copyright more restrictive than CC-BY, please include a copy as Supporting Information; b) please provide a reference for the NASA-TLX questionnaire or a link from where it can be downloaded.

\- In your Methods section, please provide additional information about the participant recruitment method, such as: a) the recruitment date range (month and year), b) a description of any inclusion/exclusion criteria that were applied to participant recruitment, and c) a description of how participants were recruited.

\- PLOS ONE requires that authors of manuscripts in which software is a central part of the manuscript make all relevant software available without restrictions upon publication of the work. Authors must ensure that software remains usable over time regardless of versions or upgrades. If the original software is not able to be shared, authors must provide a reasonable facsimile. In this case, we think that the 2D and 3D games that were developed as part of this work should be shared accordingly. Please see our policies on sharing software for more information: <https://journals.plos.org/plosone/s/materials-and-software-sharing#loc-sharing-software>.

3\. We note that you have indicated that data from this study are available upon request. PLOS only allows data to be available upon request if there are legal or ethical restrictions on sharing data publicly. For more information on unacceptable data access restrictions, please see <http://journals.plos.org/plosone/s/data-availability#loc-unacceptable-data-access-restrictions>.

In your revised cover letter, please address the following prompts:

a\) If there are ethical or legal restrictions on sharing a de-identified data set, please explain them in detail (e.g., data contain potentially sensitive information, data are owned by a third-party organization, etc.) and who has imposed them (e.g., an ethics committee). Please also provide contact information for a data access committee, ethics committee, or other institutional body to which data requests may be sent.

b\) If there are no restrictions, please upload the minimal anonymized data set necessary to replicate your study findings as either Supporting Information files or to a stable, public repository and provide us with the relevant URLs, DOIs, or accession numbers. For a list of acceptable repositories, please see <http://journals.plos.org/plosone/s/data-availability#loc-recommended-repositories>.

We will update your Data Availability statement on your behalf to reflect the information you provide.

Additional Editor Comments (if provided):

This paper is about a study investigating a possible connection between laparoscopic surgery capabilities and the skill of computer games. The study used two custom made games (one 2D and one 3D spaceship centred game) and three laparoscopic tasks (rope pass, paper cut, and peg transfer) to measure an individual's gaming and laparoscopic surgery capabilities respectively. The result is a finding of a correlation between the performance of the laparoscopic task and the games. The correlation which is not a strong one, concurs with earlier similar studies.

Major revision is required to address the questions raised by the reviewers. The authors need to describe how their studies are different from existing studies.

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Partly

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: No

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: My comments are in the attachment

Reviewer \#2: This work proposes a method for measuring video gaming skill and investigates its correlation with laparoscopic skill. Two custom designed video games were proposed for evaluation of gaming skill, with their construct validity ascertained with professional and causal gamers. Subsequently, medical students were evaluated for their gaming skills with the two video games and a laparoscopic simulator was used to evaluate their laparoscopic performance. The results showed correlations that concurs with a number of previous studies in the literature.

Overall the manuscript is well written. However the contributions of the work is limited. The following comments are intended to assist in improving the work.

Throughout the manuscript, references are made to the terms "skill", "experience" and "performance". If they refer to the same characteristic, perhaps the authors would like to stick to a single term. Otherwise, defining each term would help with the clarity of the text. In a similar vein, the authors reference the inaccuracy of equating "gaming experience" with "gaming skill" in the introduction. However, the title of the manuscript references "gaming skill" while the text in the abstract makes references to "gaming experience". Likewise in the discussion, these terms seem to be used interchangeably.

The choices in the type of games seem quite arbitrary. For example, why was a 2D side-scroller used and is this the best type of game to measure eye-hand coordination?

A number of known factors contributing to difficulty of laparoscopic surgery are inverted tool motion due to fulcrum effects of the tool ports, loss of 3D vision and disconnected viewpoints from the laparoscopic camera. Why wasn't established games with similar difficulties utilized instead? Alternatively, using input devices emulating the difficulties present in laparoscopic surgery would have been more appropriate. For example, perhaps using a controller with dual thumbsticks instead of mouse/arrow keys could be more representative of their ability to adapt to hand-eye coordination skills.

More details of the background of the professional gamers should be included and controlled for. ESL spans a large range of game genres. A professional real-time strategy or a first person shooter gamer would have different skillsets that they each excels in and measure differently when tested with the authors' games.

Were the students controlled for prior experience of laparoscopic surgery? For example, knowledge of laparoscopic surgery, its difficulties and possible experience through videos of procedures or even personal attempts with box trainers.

Please cite references in order of appearance in text - \[39\] in line 382 is referenced out of sequence. Reference \[28\] in line 429 may be inappropriate. Please ensure if the results of the referenced work supports the statement adequately. In-text citation of references \[29-32\] are missing.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: Yes: Yin Jun Hao

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Author response to Decision Letter 0

23 Dec 2019

Dear Prof. Kong Chui,

Thank you very much for giving us the opportunity to resubmit our revised version of the manuscript. Please also find attached a list of all the authors and their contributions to the manuscript.

Response to Journal Requirements

Requirement 1:

1\) Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming.

AUTHORS' Response to Requirement 1:

The title page has been changed to meet the style requirements.

\- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Requirement 2 Part 1:

Please include additional information regarding the questionnaires used in the study: a) for the questionnaire developed as part of this study, if it is not under a copyright more restrictive than CC-BY, please include a copy as Supporting Information; b) please provide a reference for the NASA-TLX questionnaire or a link from where it can be downloaded.

AUTHORS' Response to Requirement 2 Part 1:

a\) Students were asked whether they own a gaming console, for how many years they had been playing video games, and how many hours of video games they used to play per day. We added that information to the paper.

b\) We added a link to the NASA-TLX questionnaire to the paper.

\- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Requirement 2 Part 2:

In your Methods section, please provide additional information about the participant recruitment method, such as: a) the recruitment date range (month and year), b) a description of any inclusion/exclusion criteria that were applied to participant recruitment, and c) a description of how participants were recruited.

AUTHORS' Response to Requirement 2 Part 1:

We added the following information to the paper:

One hundred and thirty-five medical students (55 males, 80 females; mean age = 23.66, age range: 20--33) were recruited at the University Hospital of Cologne through mailing lists, flyers, and social networks. The study was conducted between ... and ... The inclusion criteria were the following: Students had to be enrolled as medical students at the University of Cologne.

\- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Requirement 2 Part 3:

\- PLOS ONE requires that authors of manuscripts in which software is a central part of the manuscript make all relevant software available without restrictions upon publication of the work. Authors must ensure that software remains usable over time regardless of versions or upgrades. If the original software is not able to be shared, authors must provide a reasonable facsimile. In this case, we think that the 2D and 3D games that were developed as part of this work should be shared accordingly. Please see our policies on sharing software for more information: <https://journals.plos.org/plosone/s/materials-and-software-sharing#loc-sharing-software>.

AUTHORS' Response to Requirement 2 Part 3:

We will share the software.

\- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Requirement 3:

3\. We note that you have indicated that data from this study are available upon request. PLOS only allows data to be available upon request if there are legal or ethical restrictions on sharing data publicly. For more information on unacceptable data access restrictions, please see <http://journals.plos.org/plosone/s/data-availability#loc-unacceptable-data-access-restrictions>.

In your revised cover letter, please address the following prompts:

a\) If there are ethical or legal restrictions on sharing a de-identified data set, please explain them in detail (e.g., data contain potentially sensitive information, data are owned by a third-party organization, etc.) and who has imposed them (e.g., an ethics committee). Please also provide contact information for a data access committee, ethics committee, or other institutional body to which data requests may be sent.

b\) If there are no restrictions, please upload the minimal anonymized data set necessary to replicate your study findings as either Supporting Information files or to a stable, public repository and provide us with the relevant URLs, DOIs, or accession numbers. For a list of acceptable repositories, please see <http://journals.plos.org/plosone/s/data-availability#loc-recommended-repositories>.

We will update your Data Availability statement on your behalf to reflect the information you provide.

AUTHORS' Response to Requirement 3:

We will share a minimal anonymized data set necessary to replicate our study results.

\- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Reviewer 1, Comment 1:

Factors surrounding the 2 methods of comparisons

The types of games played in the Esports industry in the recent era consists heavily of Multiplayer Online Battle Arena games (e.g. Dota 2), Battle Royale games (e.g.

PUBG) and First Person Shooting games (e.g. Overwatch). These games require one to have good action per minute capabilities and critical thinking within a short period of time. And this coincides with the needed skills to perform well for the custom games and players are given stressful conditions and the need to react to the obstacles which increases with speed throughout the games. Which are shown through the professional Esports players performing better in the custom games as compared to non-professionals. However, the skills required for laparoscopic tasks are mainly precision and visuospatial cognition. Thus, the custom games created may not be the best for this study. One suggestion could be changing the conditions of the custom game. For example, instead of making the game progressively harder through speed, the obstacles could instead get larger, making the area of allowable mistake smaller when passing though the obstacles.

AUTHORS' Response to Reviewer 1, Comment 1:

Reviewer 1 suggests that we should have used games that more closely resemble laparoscopic surgery. We agree that it would be interesting for future studies to investigate whether different types of games differ in their degree of correlation with laparoscopic performance. However, the main focus of our present study was to investigate whether gaming skill in general was positively correlated with laparoscopic performance. Therefore, the main goal of the two custom games used in the present study was to create two valid tools to measure gaming skill. The two games had two fulfill the following criteria:

\- The games should be "hard to master" in order to distinguish between experienced players (EP) and non-experienced players (NEP).

\- Increasing difficulty: This was achieved by creating a stressful gaming environment by constantly increasing the games' speed and by including fast music.

The main purpose of the games was to measure gaming skill. As the validation with the professional gamers shows, we succeeded in creating two games that distinguish between experience and non-experience players.

\- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Reviewer 1, Comment 2:

Purpose and aim of the study

The purpose of the study was not coherent throughout the paper. It was discussed that the possibility of the connection between laparoscopic surgery and computer games could bring about a change in recruitment and training (background, line 28- 29) but towards the end of the paper, it was mentioned that using games to train laparoscopic skills may not be efficient (discussion, line 417-426). In addition, it is not fair to judge a person's potential of laparoscopic skill through the use of video games as both of these skills require different skill sets. Although the study did manage to find a possible correlation between laparoscopic surgery and computer games capabilities, it will be more purposeful if there is a coherent purpose. One suggestion could be finding out that through the use of video games, one is able to improve the

critical thinking of the individual due to the short amount of time given to react to events in the game. This finding could result to a possible change to how laparoscopic simulations are conducted. For example, having time limits and creating a stressful environment as used for the custom games (Definition of the requirements for custom video games, line 112-113).

AUTHORS' Response to Reviewer 1, Comment 2:

We made this more clear

\- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Reviewer 1, Comment 3:

Adding in an additional pool of subjects

One interesting suggestion is to have the professional Esports players participate in the laparoscopic task. The findings might give more insights for this study as the professional Esports players are definitely considered as experienced players for the comparison of the study. And this could further substantiate the intended aim of the study which is to find the connection between the level of both the potential laparoscopic surgery abilities and gaming skill.

AUTHORS' Response to Reviewer 1, Comment 3:

We agree with Reviewer 1 that a future study could investigate the laparoscopic performance of professional gamers, such as E-Sports players. However, this was beyond the scope of this investigation. Because the E-Sports players were recruited at a special event, it is not possible for us to extend the present study with a group of E-sports players performing the laparoscopic tasks.

\- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Reviewer 2, Comment 1:

Throughout the manuscript, references are made to the terms "skill", "experience" and "performance". If they refer to the same characteristic, perhaps the authors would like to stick to a single term. Otherwise, defining each term would help with the clarity of the text. In a similar vein, the authors reference the inaccuracy of equating "gaming experience" with "gaming skill" in the introduction. However, the title of the manuscript references "gaming skill" while the text in the abstract makes references to "gaming experience". Likewise in the discussion, these terms seem to be used interchangeably.

AUTHORS' Response to Reviewer 2, Comment 1:

We thank Reviewer 2 for this suggestion. We have revised the terminology and now only refer to gaming skills.

\- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Reviewer 2, Comment 2:

The choices in the type of games seem quite arbitrary. For example, why was a 2D side-scroller used and is this the best type of game to measure eye-hand coordination?

A number of known factors contributing to difficulty of laparoscopic surgery are inverted tool motion due to fulcrum effects of the tool ports, loss of 3D vision and disconnected viewpoints from the laparoscopic camera. Why wasn't established games with similar difficulties utilized instead? Alternatively, using input devices emulating the difficulties present in laparoscopic surgery would have been more appropriate. For example, perhaps using a controller with dual thumbsticks instead of mouse/arrow keys could be more representative of their ability to adapt to hand-eye coordination skills.

AUTHORS' Response to Reviewer 2, Comment 2:

\- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Reviewer 2, Comment 3:

More details of the background of the professional gamers should be included and controlled for. ESL spans a large range of game genres. A professional real-time strategy or a first person shooter gamer would have different skillsets that they each excels in and measure differently when tested with the authors' games.

AUTHORS' Response to Reviewer 2, Comment 3:

\- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Reviewer 2, Comment 4:

Were the students controlled for prior experience of laparoscopic surgery? For example, knowledge of laparoscopic surgery, its difficulties and possible experience through videos of procedures or even personal attempts with box trainers.

AUTHORS' Response to Reviewer 2, Comment 4:

\- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Reviewer 2, Comment 5:

Please cite references in order of appearance in text - \[39\] in line 382 is referenced out of sequence. Reference \[28\] in line 429 may be inappropriate. Please ensure if the results of the referenced work supports the statement adequately. In-text citation of references \[29-32\] are missing.

AUTHORS' Response to Reviewer 2, Comment 5:

10.1371/journal.pone.0232341.r003

Decision Letter 1

Chui

Chee Kong

Academic Editor

© 2020 Chee Kong Chui

2020

Chee Kong Chui

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

26 Feb 2020

PONE-D-19-23296R1

Are Gamers better laparoscopic surgeons? Impact of Gaming Skills on Laparoscopic Performance in "Generation Y" students

PLOS ONE

Dear Dr. Chon,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

We would appreciate receiving your revised manuscript by Apr 11 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Chee Kong Chui, PhD

Academic Editor

PLOS ONE

Additional Editor Comments (if provided):

The authors has responded to the question raised by the reviewers. Nevertheless, the responses should be added into the main text.

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Thank you for addressing to the comments. The paper is better understood with the help of the answers and thus, would like to see the answers added into the paper to make everyone understand it. For example, adding on the premise of obtaining the professional gamers and some examples of the games they play. This could further substantiate the validity of the custom games.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0232341.r004

Author response to Decision Letter 1

9 Apr 2020

Dear Prof. Kong Chui,

Thank you very much for giving us the opportunity to resubmit our revised version of the manuscript. As suggested by Reviewer 1, we have incorporated our answers to the questions raised by the reviewers in the last round of reviews into the manuscript.

\- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Reviewer 1, Comment 1:

Thank you for addressing to the comments. The paper is better understood with the help of the answers and thus, would like to see the answers added into the paper to make everyone understand it. For example, adding on the premise of obtaining the professional gamers and some examples of the games they play. This could further substantiate the validity of the custom games.

AUTHORS' Response to Reviewer 1, Comment 1:

We thank Reviewer 1 for this suggestion. We have added our answers from the last round of reviews to the Discussion of the manuscript to increase the understanding of our study.

\- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

10.1371/journal.pone.0232341.r005
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Are Gamers better laparoscopic surgeons? Impact of Gaming Skills on Laparoscopic Performance in "Generation Y" students

PLOS ONE

Dear Dr. Chon,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

Please submit your revised manuscript by Jul 12 2020 11:59PM. If you will need more time than this to complete your revisions, please reply to this message or contact the journal office at <plosone@plos.org>. When you\'re ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). You should upload this letter as a separate file labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. You should upload this as a separate file labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. You should upload this as a separate file labeled \'Manuscript\'.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter. Guidelines for resubmitting your figure files are available below the reviewer comments at the end of this letter.

If applicable, we recommend that you deposit your laboratory protocols in protocols.io to enhance the reproducibility of your results. Protocols.io assigns your protocol its own identifier (DOI) so that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

We look forward to receiving your revised manuscript.

Kind regards,

Chee Kong Chui, PhD

Academic Editor

PLOS ONE

Additional Editor Comments (if provided):

Please perform a Student\'s t-test in the revised version of the paper according to the comments of the statistical reviewer.
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Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#3: (No Response)

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#3: Yes
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6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#3: From a statistical point of view, the analysis is well-done. Nevertheless, a check of the underlying assumptions of all the statistical methods considered (such as Student's t-tests and mixed ANOVAs) is missing. Such a check needs to be added in the revised version of the paper. Once the check is done, if the underlying assumptions do not hold on the available data, a nonparametric version of the considered methods, making fewer assumptions, may be considered.
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7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.
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**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).
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While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email PLOS at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Dear Prof. Kong Chui,

Thank you very much for giving us the opportunity to resubmit our revised version of the manuscript. The underlying assumptions were tested for all statistical tests. If the assumptions were not met, nonparametric tests or corrections were used. The corrections are now also reported in the manuscript. The results of all statistical tests (significance vs. non-significance) remained the same and the conclusions of the paper are unaffected. Please find attached the revised manuscript with and without track changes.
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Are Gamers better laparoscopic surgeons? Impact of Gaming Skills on Laparoscopic Performance in "Generation Y" students

PONE-D-19-23296R3

Dear Dr. Chon,

We're pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it meets all outstanding technical requirements.

Within one week, you'll receive an e-mail detailing the required amendments. When these have been addressed, you'll receive a formal acceptance letter and your manuscript will be scheduled for publication.

An invoice for payment will follow shortly after the formal acceptance. To ensure an efficient process, please log into Editorial Manager at <http://www.editorialmanager.com/pone/>, click the \'Update My Information\' link at the top of the page, and double check that your user information is up-to-date. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to help maximize its impact. If they'll be preparing press materials, please inform our press team as soon as possible \-- no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

Kind regards,

Chee Kong Chui, PhD

Academic Editor

PLOS ONE
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I appreciate your efforts in addressing all our concerns. I believe this will be a paper that will be of interests to many readers of this journal.
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Reviewer \#3: Yes
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3\. Has the statistical analysis been performed appropriately and rigorously?
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4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#3: Yes
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6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)
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7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.
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Reviewer \#3: No

10.1371/journal.pone.0232341.r008

Acceptance letter

Chui

Chee Kong

Academic Editor

© 2020 Chee Kong Chui

2020

Chee Kong Chui

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

28 Apr 2020

PONE-D-19-23296R2

Are Gamers better laparoscopic surgeons? Impact of Gaming Skills on Laparoscopic Performance in "Generation Y" students

Dear Dr. Chon:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Chee Kong Chui

Academic Editor

PLOS ONE
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